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T H E  A N N A L S  

AND 

MAGAZINE OF NATURAL 

[EIGHTH SERIES.J 

No. 4_7. NOVEMBE[ t  19[L 

HIS]DRY. 

L:~V.--The Classification of the Teleosteau Fishes of /tie 
Order Ostariophysi.--2. Siluroidea*. By C. TATE tLEGAN, 
M.A. 

(Publishsd by permission of the Trustees of the British Museum.) 

Tu~ Siluroids may be thus defined :--OstaYiophysl with the 
body naked or covered with bony plates, the mouth non- 
protractile and the branchiostegal rays often numerous;  
parietals, symplectic, and suboperculum absent; second, 
third, and fourth vertebrze ankylosed to form a complex to 
which the fifth is rigidly attached ; parapophyses ankylosed 
with ccntra ; epipteurals and epineurals absent. 

As in all Ostariophysi, there is no basisphenoid, but an 
orbitosphenoid is always present ; the latter joins the frontals 
above, the parasphenoid below, the lateral ethmoids in front, 
and the alisphenoids behind. There is no opisthotic, but 
the other otic bones are present;  the epiotics are rarely 
prominent, but in the Doradidm they are important elements 
of the cranial roof. The pr~emaxitlaries are typically fixed, 
but in the Catlichthyldm and Loricariidm they are movably 
articulated with the mesethmoid ; sometimes the toothed 
przemaxillaries extend right back to the angle of the mouth 
(Wallago, Ageniosus, Asterophysus), and the posterior exten- 
sion may segment off as a distinct bone (Eutropiichthys), 

The Cyprinoidea have been dealt widl in a separate paper~ s~Tr~ ~ 
p. 13. 

Ann. &Mag. N. Hist. Set. 8. Vol. viii. 37 
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55¢ Mr. C. T. Regan on the 

simulating a toothed maxillary. In Diplom]stes the maxil- 
lary is expanded distally and toothed, but in all other Silu- 
roids it is toothless, serving only as the base of a barbel ; in 
EutropiicMhys the small toothless maxillary bears a barbel 
and articulates with the anterior end of the palatil~e just as 
in the closely allied SchilbicMhys. The palatine articulates 
with the lateral ethmoid and bears the maxillary ; the ptery- 
gold, when present, is small, connecting the palatine with 
the mesopterygoid ; the metapterygoid is always well deve- 
loped, suturally united with the quadrate and usually with 
the hyomandibular. The operculum and interoperculum are 
constantly present; the lower pharyugeals are toothed 
(except in some Lorieariidm), separate (except in Hypo- 
phthaImus), opposed to a single pair of dentigerous patches 
supported by the third and fourth pharyngobranchials, the 
first and second being absent. 

The pectoral arch of the Siluroids is highly character- 
istic; the post-temporal, when present, is a small plate 
rigidly attached to the skull, overlying the suture between 
epiotic and pterotie and reaching the supraoccipital ; distally 
it overlaps the proximal extremity of the supra-c]eithrum, 
which is typically forked, the upper limb usually rigidly 
attached to pterotic and epiotic, the lower to the bast- 
occipital; sometimes the lower limb is absent (Clariidm, 
Caltichthyidm, Loricariidm); the distal part, " stem," of the 
supra-cleithrum~ beyond the fork, is deeply cleft to form 
a socket for the head of the cleithrum. The mesocoracoid 
is usually present, but is wanting iu three familie% Ariidm~ 
Doradidm~ and Bunocephalid~e; the hypocoracoids usually 
form an interlocking symphysis behind that of the eleithra, 
but in certain groups (Silurid~e, Trichomycteridm) they taper 
forwards below and do not tbrm a symphysis. The pectoral 
radials are three in number, the first short, the outer ones 
more or less elongate. 

The centrum of the first vertebra is a disc, rigidly united 
and o~ten ankylosed to the basioccipital and to the complex 
centrum, which is formed by the fusion of the second, third, 
and fourth; the first parapophysis is that o~ the fourth 
vertebra, corresponding to the os suspensorium of the 
Cyprinoids; the fifth vertebra is rigidly attached to the 
complex and its parapophysis also supports the air-bladder. 
The sixth and following vertebrm usually bear ribs attached 
to normal parapophyses, but the anterior (Pseudecheneis, 
CallicMhys, Doumeinm) or all (Corydoras, Loricariidm, Buno- 
cephalidm) the ribs may be sessile. 

The "nuchal shield," which is so characteristic of many 
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Classi~cation of the Order Osl~triophys{. 555 

Silnroids~ is formed by a process of the supraoccipital and 
by three plates which are expansions oi" the distal ends of 
the "interneurals " (basalia + radalia) of the first three rays 
of the dorsal flu. These bones are directed obliquely up- 
wards and backwards, in such a way that the fin-ray articu- 
lates with tile distal end of its own radial and also rests 
upon the upper part of the one behind it ; when the second 
dorsal ray Corms a spine it is the third interneural which 
becomes enlarged to sHpport it, whilst tile second bears the 
short anterior spine arid the first is set free, sometimes ex- 
panding to fi)rm the first nuchal plate. 

The air-bladder, wheu well developed, differs f rom that of 
the Cyprinoids in that  it is divided into anterior and poste- 
rior divisions not by a constriction but by au internal 
partition ; the posterior division is rendered non-distensible 
by the development of longitudinal and transverse septa, 
whilst the anterior gives rise to the pneumatic duct, is 
connected with the tripus~ and usually extends laterally to 
beneath the skin above the pectoral fin. The parapophysis 
of the fourth vertebra is usually divided into art anterior 
branch, decurved and firmly attached distally to the stem of 
the supra-cleithrum, and a posterior horizontal branch;  
these give attachment to the anterior and dorsal wails of the 
anterior chamber of the air-bladder. 

Modifications of the simple condition just described may 
be of two kinds--(1)  The anterior ramus of the para- 
pophysis of the fourth vertebra loses its attachment to the 
supra-cleithrum, its proximal end forms a thin laminar stem 
and its distal end an expanded plate, inserted i~t the wall of 
the air-bladder and furnished witll a muscle attached ante- 
riorly to the skull, the whole forming an "elastic spring 
mechanism." A posterior diverticulum of the air-bladder 
is often found in Siluroids with this arrangement, which 
occurs in the Doradidm, Pangasiidm, Synodontidae, and 
Malopteruridm. 

(2) The air-bladder is reduced, the posterior part dis- 
appearing and the anterior part becoming divided into two 
lateral portions which may be completely disconnected; 
concurrently the iburti~ and fifth transverse processes tend to 
surround and encapsule the alr-bladder, in the most specialized 
types formh~g complete bony cylinders~ open only at their 
outer ends. 

Giinther ~- regarded the Siluroids as a single family, and 
his classitication, based on external characters onlyj 

* Cat. Fish. v. (1864). 
37 ~ 
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556 Mr. C. T. Regan on d~e 

was in most respects satisfactory. Several authors have 
given family names to some o£ Giinther~s groups*, and of 
these the Eigenmanns t  have utilized differences in the 
structure of the vertebral column and the air-bladder iu 
order to characterize the South-Amerlcan families. Bou- 
lenger :~ separated off as two families tile Siluroids with all 
the ribs sessile, re~aining the remainder in one family, 
Silnridm, divided into eight subfamilies characterized by the 
length of tile dorsal and anal fins, the freedom or union with 
the isthmus of the gill-membranes, &c., tile majority of these 
groups being unnatural. 

Bridge and Huddon's § great memoir on the Siluroid air- 
bladder is of considerable service in working out the classifi- 
cation. Comparatively little has been written on the 
osteology of the Siluroids, although Koschkaroff N has 
recently given a useful account, with figures, of the skeletons 
of several genera. The scheme here put forwardis based on 
the examination of a large series of skeletons, and a far 
greater number of families is recognized and defined than in 
any previous system. The majority of these are much 
better characterized than most of the families of Percoids ; 
the differences between the Lutianid~e and Seimnidm, for 
example, are trifling compared with those between the Syno- 
dontidm and Doradidm, which have usually been associated 
in the same subfamily. 

In the following account I place first the Diplomystidm, 
more generalized than any of the others in the normally 
formed toothed maxillary and in the simple attachment of 
the fifth vertebra to the complex. Next the Ariidm and 
Doradidm are considered, generalized in form and in fin- 
structure, but aberrant in the loss of the mesocoracoid, and 
they are followed by the Plotosidm and Siluridm, which 
have a very long anal fin, bat are primitive in some other 
characters, such as the many-rayed pelvic fins. Then come 
the Bagridm, widely distributed in Asia and Africa, and they 
are followed by the North-American Amiuridm and by a 
number of Old-World families which may be regarded as 

* Gill (Smithson. Misc. Coll. xi. 1872) named, but defined only by 
references to Giinther's Catalogue, the f~milie~ ttw-,onhthalmidee 'fricho- 
myeterldm~ Sflui'l&e, Chaeld~e~ P/otosld~ Clariidw, Ualliehthyidm~ Argi- 
idm~ Lorieariidm, Sisorid~e, and Aspredinidm. 

j- Oee. Papers Calif. Aead. i. (18'30). 
$ Cambridge Nat. I-list, Fish• p. 686 (1904). 
§ Phil. Trans. elxxxiv. (,B) 1893, p. 65. 
!I Bull. See. Nat. Moscow~ 1905, p. 209. The genera described are 

Loriearia, @nodo~tis, Macrones or a related genus wrongly named 
Akysis~ Chu'ias~ ~ilm'u G zlrius, Zutroiffus, Malopte'rurus. 
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C[ass~catlon of the Order OstarlopSysL 557 

specialized Bagrids, Amblycepidae, Sisori&e, Amphiliid~e, 
Chacid~e, Sehilbeidm, Clariid~, Pangasiidm, Synodontid~, 
and Malopteruridm. The neotropical Siluroids (except the 
Doradidm) come last, and these begin with the Pimclodi&e, 
which represent the Bagri&e in South America, and are 
followed by the Helogenidre, Hypophthalmi&e, Tricho- 
mycteridm, and Bunoeephalidm, ending with the highly 
specialized Calliehthyidm and Loricariidm, which are the 
most aberrant fishes of the order. 

Family 1. Dipl0mystida~. (Fig. 2, C.) 

Body naked, moderately elongate. Gill- membranes 
united, but free fi'om isthmus. Dorsal fin anterior, with a 
spine; adipose fin present; anal short; pclvics 6-rayed; 
pectoral with a spine. Nostrils close together; a pair oF 
maxillary but no other barbels ; prmmaxillaries fixed ; max- 
illary well developed, toothed, expanded distally, and proxi- 
mally articulated with both heads of the palatine ; bands of 
villiform teeth in jaws, obtuse teeth on the vomer. Palatine 
fbrked anteriorly; no pterygoid; mesopterygoid very small, 
connecting metapterygoid with vetoer; metapterygoid at- 
tached to palatine anteriorly and to orbitosphenoid internally; 
head of hyomandibular broad, articulating with pterotic, 
sphenotic, and alisphenoid. Post-temporal present; supra- 
cleithrmn tbrked ; mesocoracoid present ; hypocoracoids 
narrowed forward below, not meeting. Vertebrm42(17 + 25) ; 
ribs on parapophyses; fifth vertebra rigidly attached to 
complex, but not forming interlocking sutures; para- 
pophysis of fifth vertebra normal, of fourth a transverse 
lamina with a stout somewhat decurved anterior process 
firmly attached to the stem of supra-cleithrum ; first centrnm 
well developed, separating complex from basioecipital. 

Diplomystes papillosus from Chili and Argentina. 
In all the remaining Siluroids the maxillary is slender, 

toothless, and the fifth and complex vertebrre unite by inter- 
locking sutures or are ankylosed or united by investing bone. 

Family 2. Ariid~. 

Naked, moderately elongate; gill-membranes united, 
forming a fold across isthmus. Dorsal fin anterior# with a 
spine; adipose fin present; anal short or of moderate 
length; pelvics 6-rayed; pectoral with a spine. Mouth 
terminal; teeth in jaws and often on palate; nostrils 
usually close together, without barbel ; maxillary and one or 
two pairs of mandibulary barbets. El~iotics with posterior 
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558 Mr. O. T. Regan on tl, e 

laminm which (except in GaleicMltys) extend to and unite 
with the posterior rami of the parapophyses of the fourth 
vertebra ; a pair of large thin-walled bulbe formed by pro- 
otic, pterotic, and exoccipital; a stout subeonical inferior 
process at the junction of basioccipital and complex vertebra. 
:Palatine rod-like; pterygoid, when present (_/Elurichthus) 
very small, adherent to lower surface of posterior part of 
palatine; mesopterygoid small, lying between the lateral 
ethmoid and the large metapterygoid. Post-temporal 
present; supra-cleithrum with stout lower limb united by 
suture with basioccipital; no mesocoracoid; hypocoracoids 
interlocking below. Vertebrae 48 to 58 (22-29+27-33)  ; 
ribs on well-developed parapophyses ; one, two, or three rib- 
bearing vertebrae (sixth to eighth) rigidly united to fifth and 
complex by a backward extension of investing bone over 
their centra; parapophysis of fifth vertebra enlarged, sutu- 
rally united to that of the fourth, which is an expanded 
lamina with a decurved anterior process rigidly attached to 
thet imb of supra-cleithrum. Air-bladder large, free, normal. 

Fishes of the shores and estuaries of tropical and sub- 
tropical regions, a few species perhaps permanently fluviatile. 

Principal genera : Arias, Galeichthys, Ancharius, Genidens, 
Hemipimelodt~s, Ketengus, ~/Elurichthys, Batrachocephalus, 
Osteoueneiosus. 

Family 3. Doradkl~. (Fig. 3, A.) 

Body moderately elongate. Gill-membranes broadly 
united to the isthmus. Dorsal fin anterior, with a spine; 
adipose fin usually present; anal short or rather long; 
pelvies 6- to 16-rayed. Month terminal;  jaws usually 
toothed; maxillary and oue or two pairs of maudibulary 
barbels ; nostrils remote, without barbels. Palatine rod-like ; 
pterygoid absent i mesopterygoid present, connecting meta- 
pterygoid with lateral ethmoid. A nucha] shield; epiotics 
prominent on the upper surface of the skull, united by suture 
with both nuchal plates, and giving rise posteriorly to more 
or less developed backwardly directed processes ++ . No 
post-temporal; supra-clekhrum suturally m~ited with skull, 
the upper limb to the pterotic and epiotic, the lower to the 
basioccipital and exoccipital; no mesocoracoid; hypo. 
coracoids interlocking below. Vertebrae 36 to 58 (13-17+ 

These are short pointed projections in Doras and Oxydoras, but in 
I-lemidora~ they extend backwal"ds to the inferior processes of the poste- 
rior nuchal plates. In the other genera the epiotk- processes ~re forked, 
the inner limbs running to the parapophyses of the sixth vertebra. 
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Classific~tio~ of the Order Osta~'iop@s;. 559 

2 3 - 4 I )  ; r ibs on t ransverse  processes ; e ighth  or ninth  the 
first free v e r t e b r a ;  parapophyses  of fifth vestigial  or absen t ;  
parapophyses  of  four th  undivided,  p rox imal ly  thin,  l aminar ,  
distally fo rming  expanded subvert ical  oval plates, free f rom 
the supra-ele i thra ,  applied to the la teral  walls of  the anter ior  
pa r t  of the a i r -Madder .  

South Amer i can  t 'resh-water fishes. 
The principal  genera m a y  be ar ranged thus : ~  

I. A series of bony plates on each side; mouth rather small ; pelvic 
fins 7-rayed; air-bladder large, free, normal or with a posterior 
cmeum . . . . . . . . . . . . . . . . . . . . . .  Doras~ O:cydoras, Itemidoras, 

II. Body naked; pelvic fins 6- to 16-rayed; air-bladder large, free, 
normal or with a posterior emcum. 

A. Mouth rather wide, not extending beyond eye ; preemaxillaries 
fixed, transverse . . . . . . . . . . . .  Centromoc~lus, Trachelyopte- 

rue. Trachelyol)terichthys , Pseudattchenipterus, A ucheni- 
pterus ( Euanemus )~ Trachycorystes~ JEpal)t~rus ~ Tetra- 
nematiehthys. 

B. Mo~th very wide, extending far beyond eye ; pr0emaxillaries ex- 
tending to angle of mouth . . . .  AsteroThysus. 

III .  Body ns&ed ; pelvic fins 7-rayed ; air-bladder very small, partly 
enclosed in two small spherical or pyriform capsules separated by 
a septum and attached to the aortic ridges, with small posterior 
and lar~er supers-lateral apertures; the reduced plates of the 
"spring appar~ttus' attached to the free wall of the air-bladder 
at the larger op+~nings ; mouth wide, the movable preemaxillariea 
extending to its angle . . . . . . . . . .  Ageniosus. 

Fami ly  4. Plotosid~e. 

Body naked ,  e longa te ;  g i l l -membranes  free or nar rowly  
a t tached to the  is thmus.  Dorsal  fin well developed, with a 
spine, placed an te r io r ly ;  no adipose f in;  anal  very long, 
confluent  with the  caudal,  which may  extend forward along 
the  back, s imula t ing  a second dorsal fin ; pelvics 10- to 16- 
rayed.  Nostr i ls  remote ,  tile poster ior  with a ba rbe l ;  on 
each side one or two maxi l lary  and two mandibu la ry  barbels .  
Tee th  in jaws conical or obtuse  ; a pa tch  of blunt  molars  on 
the  vetoer. Pala t ine  rod- l ike ;  mesop te rygo id  r a the r  small,  
a t tached to head of vomer  and to the large metap te rygo id ,  
which is connected with  the  palat ine external  and the  
orbi tosphenoid  in terna l  to its union with the mesopterygoid  ; 
head of hyomand ibu la r  very broad,  a r twula t ing  with pterotic~ 
sphenotic,  and a]isphenoid. Skull  depressed ;  sphenotics  
project ing lateral ly but  no t  produced ibrwards,  the f rontals  
with free margins ,  Pos t - t empora l  p r e s e n t ;  lower fork of 
supra -c le i th rum well developed, a t tached to basioccipital  ; 
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560 Mr. C. T. Regan on the 

mesocoracoid present; hypocoraeoids interlocking below. 
Vertebrae 46 to 81 (16-19+30-65) ;  ribs attached to long 
parapophyses; anterior remus of parapophysis of fourth 
vertebra decurved, rigidly attached to the stem of supra- 
cleithrum, more or less expanded, together with expanded 
processes of the aortic ridges supporting the anterior wall of 
the large free air-bladder. 

Marine fishes of the Indo-Paeific, entering ~ivers, and with 
some permanently fluviatile species. 

Genera: Eumeda, Neosilurus~ Copidojlanis, Plolosus, 
Cnidog/anis, Eurislhmus. 

Family 5. Sflurid~. 

Body naked, elongate ; gill-membranes free from isthmus. 
Dorsal fin, when present, small, without spine ; no adipose 
fin ~ anal very long, many-rayed, ending close to the caudal 
or continuous with it ; pelvics 6- to 14-rayed. Anterior and 
posterior nostrils wide apart ; no nasal barbel ; maxillary and 
often one or two pairs of mandibulary barbels. Teeth in 
jaws and often on palate. Palatine short and broad, articu- 
lating with an antero-lateral facet of the lateral ethmoid; 
pterygoid abser~t; mesopterygoid small, connecting the large 
metapterygoid with the vomer ; hyomandibu)ar with a broad 
head, articulating with pterotic and sphenotic. Lateral 
ethmoid with a projection for the attachment of the prae- 
orbital and with a slender posterior extension which meets a 
similar forward extension of the sphenotic, so that the 
frontal has no free edge. Post-temporal absent ; upper limb 
of supra-cleithrum wedged between pterotie and epiotic, 
lower running to basioccipital; mesocoracoid present; 
hypocoracoids tapering forward below, not forming a sym- 
physis. Vertebrae 52 to 74 (]0-16-t-41-58); ribs attached 
to long parapophyses; sixth vertebra free; anterior and 
posterior rami of parapophysis o~ fourth vertebrae connected 
at the base only, the anterior stout, firmly attached to the 
limb of supra-cleithrum ; air-bladder free, usually large. 

l~resh-water fishes of Europe and Asia. 
The genera may be arranged thus : - -  

1. Eye above the level of the mouth ; hypoeoracoids slender. 
Silurus~ Parasilurus, 8iluricI~thys, ~VallaFO , J~elodontichthys. 

II. Eye behind the angle of mouth ; hypocoracoids expanded. 
Callichrous~ CryTtoTterus ~ Hemisilurus. 

This family has usually been united with the Schilbeidae, 
but the two have very little in common beyond the elonga- 
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Classification of  the Order Ostar[op£~js¢. 561 

tion of the anal fin. The many-rayed pelvic fins, the eon- 
tlguous or confluent anal and caudal, combined with the 
absence of a dorsal spine, of an adipose tin, and of nasal 
barbels, characterize the Siluridm externally, whilst the 
osteology is quite different from that of the Schilbeid~e, with 
their rod-like palatine, frontals with free edges, and lateral 
ethmoids not projecting outwards. 

Family 6. ]]agriflm. 

Body naked, moderately elongate ; gill-membranes separate 
or notched, free or at least tbrmiug a free fbld across isthmus. 
Dorsal fin anterior, with a spine ; adipose fin present ; anal 
short or of moderate l eng th ;  pelvic tins usually 6-rayed 
(7- or 8-rayed in Rila).  Anterior and posterior nostrils wide 
apart, the latter usually with a barbel ; maxillary and usually 
one or two pairs of maudibulary barbels. Jaws toothed;  
palate often toothed. Lateral ethmoid facet for articulation 
of palatiue rarely strictly lateral, usually visible when the 
skull is seen from below ; palatine rod-like ; pterygoid present, 
attached to lower surface of hinder part of palatine (fig. ], B) ; 
mesopterygoid small, anterior to the well-developed meta- 
pterygoid ; hyomandibular with u broad head, fitting into a 
groove formed by the pterotic and sphe~mtic. Post-temporal 
present;  supra-cleithrum rigidly attached to skull, with the 
lower limb well developed ; mesocoracoid prese, t  ; hypo- 
coracoids meeti~)g and interlocking behind the symphysis 
of the cleithra. Vertebrm 34 to 55 (10 -23+20-34) ;  ribs 
~ttached to long parapophyses; anterior ramus of para- 
pophysis of fourth vertebra firmly attached to supra- 
cleithrum ; air-bladder large, free, normally formed. 

Fresh-water fishes of Asia and Africa. 
The principal genera may be arranged thus : - -  

I. Pterygoid and mesopterygoid laminar, rather loosely connected; 
parapophysis of fourth vertebra intervening between supra- 
cleithrum and anterior wall of aii~bladder ; lower limb of supra- 
cleithrum normal. (C/~rysicMhyime.) 

A. Parapophysis of fourth vertebra with a stout anterior ramus 
attached to the supra-cleithrum and connected at the base with 
the posterior raraus~ which resembles a normal parapophysis. 

No nasal barbel ; anterior nostril labial, poste- 
rior slit-like ; sixth vertebra free . . . . . . . .  l~ara~c/~enoglanis, Au- 

c]~enofflanis, IVotoglanidium. 
A nasal barbel; sixth vertebra rigidly united 

with fifth . . . . . . . . . . . . . . . . . . . . . . . . . . . .  R fta, Pseudobagrus~ Ge- 
phyroylanis *. 

* Z, ep~oglanis~ without nasal barbel, may be related to Ge2l~yroglani8 . 

D
ow

nl
oa

de
d 

by
 [

N
or

th
 C

ar
ol

in
a 

St
at

e 
U

ni
ve

rs
ity

] 
at

 1
2:

46
 1

4 
M

ar
ch

 2
01

5 



562 Mr. C. T. Regan on the 

]3. Parapophysis of fourth vertebra a horizontal lamin~, .~harplv bent 
down, ward in front to form a thick vertical plate attached'to the 
stem and lower limb of SUl)ra-eleithram ; ~ nasal barbel. 

Clarotes~ C/~rysichthys ~. 
II. Pterygoid and mesop¢erygoid united by suture or anky]osi~ to 

ibrm a transverse crescent; pavapophvsis of fourth vertebra a 
transverse lamina with a decurved ant'erior process attached to 
the inner edge of a vertical laminar expansion of the stem and 
lower limb of the supra-c]eithrmn, which supports the anterior 
wall. of the air-bladder ; a nasal barbel. (Baqrfi~(s.) 

]3agrus, 3lac±'ones~ Z&cassis, ~Bctyroides, Okyra. 

Family 7. Amiurida~. 

Closely related to the Bagrid~e, but without a pterygoid 
and with the pelvic fins 8- or 9-rayed ; palate toothless. The 
vertebrm number  44 to 50 (16-19+28-31)~ the anterior 
vertebrm formed as in Auchenoglanis or Rita; in Amiurus 
the pectoral arch is as in the Bagridm, hut in Noturus the 
po.~t-temporal is absent and the lower limb of the supra- 
cleithrum is short~ only connected with the basioccipital by 
a ligament. 

Fresh-water fishes of Nor th  America,  with a species of 
Amiurus in China. 

I n  some species of Amiurus the anal fin is quite long, as 
in the Schilbeid~e, but  the skull is typically Bagrid, differing 
f rom that  of the Schilbeidm in the projecting lateral ethmoids 
and pterotics. 

Family 8, Amblyeepidso. 

:External characters of the Bagridse, to which they bear a 
general resemblance in their osteology, differing in certain 
features of specialization. Tile pterygoid is absent, the 
metaptcrygoid is reduced, and the elongate mesopterygoid 
extends from the palatine to the hyoalandibular (fig. 1, C). 
There is no post-temporal and the proximal end of the upper 
l imb of the supra-cleithrum is wedged in between pterotic 
and epiotie. The parapophyses of the fourth vertebra form 
on each side a scmicylinder incomplete below, or an inverted 
cup~ partly enclosing the reduced air-bladder, which is divided 
into two lateral sacs. Vertebrse 36 to 45 (1 5 -16+  21-29). 

Asiatic fresh-water fishes of small size, belonging to four 
genera:  Amblyceps, JLiobagr~s, Akysis (Sosia) and Acro- 
chordonichthys. 

I have examined skeletons of Amblyceps and Liobagrus. 

* Phyllonemus, without nasal barbe], may be rela~ed to Chrysiehthys. 
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Classifcat{on of  t]~e Order Ostar{opI~yJ. 563 

Akysis and Acrochordonichthys resemble them in their air- 
bladder and anterior vertebrm (fide Bridge and Haddon). 
There is a skeleton of Akysis .major, Bouleng., in the 
British Museum collection, but  unfortunately this is a species 

Fig. 1. 

- - I n S  

.... 

. . '¢ ¢ I I 

A. B. C. 
A. Clclrias anguillaris. B. Clarot~s l¢vlceps. C. Liobaurus andersoniL 
Hyopalatine bones of the left side, seen from below, pal~ pa]atlne ; pt, 

pterygoid; ms, mesoi)tery~'o]d; mr, metapterygoid; ~, quadrate; 
hm, hyomsndibular ; poI,~ prmoperculum. 

of G/yptosternum, whilst Koschkaroff's description and figures 
of the skeleton of Akysis are evidently based on a species of 
Macrones or some related genus. 

Family 9. $is0rid~e. 

Differ from the Bagridm in certain features of specializa- 
tion, such as the absence of pterygoid and post-temporal, the 
contraction of the head of the hyomandihular, which articu- 
lates with the sphenotic only, a~d the division of the air- 
bladder into two lateral sacs. Lower surface of head and 
abdomen flat and paired fins horizontal. Nostrils close 
together, with a more or less developed barbel between 
them. Gill-membranes free (Nangra, Bagarius) or attached 
to isthmus. Vertebrm3'4 to40 (15-19 + 19-23) ; parapophysis 
of the fourth vertebra a lamina which is decurved anteriorly, 
forming a semicylinder;  parapophysis of the fifth vertebra 
very strong, extending outwards to the skin, rarely uniting 
with that of the fourth to ~orm a complete cylinder. 

Asiatic fresh-water fishes. 
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56~ Mr.  C. T .  R e g a n  on t£e 

Synops is  o f  the Genera. 

I. Pr~caudal vertebrse normal, with the ribs attached to simple para- 
pophyses and the neural arches without lateral processes ; end of 
transverse process of fifth vertebra appearing as a rngose plate 
behind the lateral cutaneous area. 

A. t lead somewhat compressed and elevated ; tail and caudal ver- 
tebra normal. 

t .  Mesopterygoid smaller than metapterygoid ; pelvics behind the 
dorsal. 

Gil'-membraues free from isthmus . . . . . . . . . . . . . . . .  Nt~npra. 
Gill-membranes attached to istllmus . . . . . . . . . . . . . .  Gc¢g¢tta. 

2. Mesopterygoid large, extending" to hyomandibular above the 
reduced metapterygoid ; pelvics below the d()rsal. 

.Eret]~istes. 

]3. Head depressed; tail lon~ and slender; caudal vertebr~ with 
laminar neural and hmmal spines and lateral ]a,uinar processes 
which may {brm external series of bony plates. 

:Pelvics behind the dorsal . . . . . . . . . . . . . . . . . . . . . . . .  J~reitenslebzitt. 
Pelvics below the dorsal . . . . . . . . . . . . . . . . . . . . . . . .  Sisor. 

II. Anterior pr~ecaudal vertebrae with a series of processes on each side 
directed upwards and outwards from the bases of the neural 
arches; he~d depressed. 

A. Lips normal ; mesopterygoid large, extending forward below the 
palatine and backwards to the hyomandibular; complex cen- 
trum rigidly united, but not ankylosed to cranium; para- 
popbysis of fourth vertebra a half'-' cylinder, of fifth a stout 
horizontal process ending just beneath the skin. 

1. Ribs inserted on normal transverse processes; pelvics behind 
the dorsal; gill-membranes free or narrowly attached to 
isthmus. 

Thorax without longitudinal plaits . . . . . . . . . . . . . .  Ba~arius. 
Tllorax with longitudinal plaits ; p~late toothed . . . .  ~uclypto~ter~*um. 
Thorax with longitudinal plaits; p~late toothless . .  Uhiptosternum. 

2. Anterior ribs sessile, the res~ on transverse processes which are 
forked at the base ; pelvics below the dorsal ; gill-membranes 
broadly a~tached to isthmus . . . . . . . . . .  P~e~l, deeAene[s. 

B. Lips expanded and reflected; mesopterygoid not reaching bye- 
mandibular ; complex centrnm ankylosed with cranium ; para- 
pophyses of fourth and fifth vertebrm united to form a complete 
cylinder on each side ; ribs on transverse processes which are 
forked at the base ; gill-membranes broadly attached to isthmus. 

Teeth all pointed~ gill-openings extending' on ~o 
lower surface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Parexostoma. 

Teeth all pointed ; gill-openings not extending on to 
lower surface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~uchiloflanis. 

An outer series of blunt compressed teeth . . . . . . . . . .  .Exosto~±,a. 
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Classification of the Order Ostarisvl~ysi. 565 

Family 10. Amphiliid~e. 

Closely related to the Bagrid~% but without pterygoid or 
post-temporaI.  Air-bladder reduced and divided into two 
lateral portions enclosed in incomplete bony cylinders formed 
by the laminar parapophyses of the fourth vertebra, which 
are deem'red anteriorly, tile ra ther  feeble parapophyses of 
the fifth vertebra, which do not nearly reach the skin, and by 
two pairs of processes of the complex eentrum supporting 
tile air-bladder below. Vertebrae 35 to 41 ( 1 6 - 2 0 + 1 8 - 2 1 ) .  
Anterior praeeaudals with paired processes directed upwards 
and outwards from the bases of the neural arches;  para- 
pophyses widely forked at the base. 

African fishes with depressed head, no nasal barbels, sub- 
terminal or inferior mouth,  toothless palate, and paired fins 
horizontal and more or less expanded. In  the structure of 
the vertebral  column they resemble the Indian Exostoma 
and Pseudecheneis, and ti~ere are other interesting resem- 
blances between members of this family and of the Sisoridae, 
due to convergence. 

Synopsis of the Genera. 

I. Gill-membranes free from isthmus. All ribs on transverse pro- 
cesses ; c~mdal vertebree normal. (Amphitiin(e.) 

Amphilius, Paraml)hilius. 
II. Gill-membranes attached to isthnms. Anterior ribs sessile ~ ver- 

tebra behind dorsal fin with paired laminar processes directed 
upwards and outwards, those behind the pelvic tins with similar 
processes directed oblicluelv downwards, these processes reaching" 
the skin and often expanded distally to tbrm series of bo~ay plates. 

No bony plates . . . . . . . . . . . . . . . . . . . . . . . .  .Doumea. 
beries of bony l?lates from dorsal and pelvic 

fins to eaadM . . . . . . . . . . . . . . . . . . . . . .  t~hractura, J~araphracturr6 
Audersoni(~. 

Lower series of bony plates continued for- 
wal d in advance of pelvic tins . . . . . . . .  Traeh~glanis, Belonoylanis. 

Family 11. Chaeida~. (Fig. 2, D.) 

The Indian genus Chaca appears to be related to tile 
]3agri&e, f rom which it differs externally in the very large 
strongly depressed head, the very wide mouth, the broad 
union of the gill-membranes with the isthmus, and the exten- 
sion forward of tl;e caudal fin above and below, simulating 
a second dorsal and anal. The large broad palatine art icu- 
lates with the strongly projecting lateral ethmoid and poste- 
riorly with the metapterygoid ; there is no pterygoid, and 
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566 Mr. C, T. Regan on the 

Fig. 2. 

A 777/7 

e h. p mz, 

Cdh-. 

<. 
$ 0 c -  - 

j-o-- 

8/~v gOC x- 
e D 

A. Ar.qes heterodon. P. NematogeT~ys inermis. C, Jg~pZom~ls[e,~ popil- 
losus. D. Chaca lophioides. Head-skeleton seen from above. 

pmx, preemaxillary ; m% maxillary ~ mn~ lower j aw ; ~z, nasal ; pal~ pala- 
t ine;  ms, mesopterygold; mt~ metapterygoid;  q, quadrate;  ]~m, 
hyomaadlbular ;  pop, pr~eoperculum; o2~ operculmn;  iolb inter-  
opereulum ; eth, mesethmoid ; leth, lateral ethmoid:  f ,  f rontal ;  
sl)o , sphenotic ; pro, pterotic ; epo, epiotic ;soc,  supraoccipital ; eoe, 
exoccipital : pt, post-temporal ; sel, supra-cleithrum ; p, parapophvsis 
of fourth vertebra ; 2 ' ,  parapophysis of fifth vertebra ; r~ rib of si°xth 
vertebra ; n~ auchal plates. 

D
ow

nl
oa

de
d 

by
 [

N
or

th
 C

ar
ol

in
a 

St
at

e 
U

ni
ve

rs
ity

] 
at

 1
2:

46
 1

4 
M

ar
ch

 2
01

5 



Classification of  the Order Ostarlophysi. 567 

the small mesopterygoid is attached to the lower surface of 
the palatine. There is no post-temporal,  and the supra- 
cleithrum is like that  of the Buuocephalidm, with the lower 
limb slender, the upper attached to the supraoceipital and 
ahnost reaching the neural crest of the complex vertebra, 
and the oute~' division of the stem superior, directed back- 
wards above and united to the parapophysis of' the fourth 
vertebra ; a mesocoracoid is present and the hypocoracoids 
interlock below. Vertebrm 35 ( 1 0 + 2 5 ) ;  free prmeaudals 
with ribs attached inferiorly to short parapophyses;  fifth 
parapophysis moderate, at the base laminar and united with 
the four th ;  anterior ramus of fourth parapophysis strong, 
Broad, united distally with the supra-eleithrum, posterior 
ramus relatively small, similar to the fifth parapophysis. 
Air-bladder larg% free, partly constricted into two lateral 
divisions. 

Family  12. 8chilbeidm. 

Closely related to the Bagridm, but  with the anal fin elon- 
gate and with the pterygoid absent ; pelvic fins 6-rayed. 

]udian and African [resh-water fishes; the more gene- 
ralized members of the family are very near the Bagridm, 
but  the group is a varied one. The skull is extremely 
similar in all, differing from that of the Bagridm and Amiu- 
r id~ in its s traight  parallel edges, the lateral ethmoids 
scarcely projecting outwards in front  of the orbit  nor the 
pterotics behind the articulation of the hyomandibular.  The 
vertebrm number  47 to 58 (10-20-t-29-47).  

The genera may be arranged as follows : ~  

I. Dorsal fin with a pnngent spine; teeth well developed; post- 
temporal present ; hypocoracoids interloekil~g below ; lower limb 
of supra-cieithrum iree. (Schilbein~.) 

A. Air-bladder as in the Bagridm; anterior vertebrm as in Rita; 
anterior ramus of parap~,pb,ysis of tburth vertebra stout~ con- 
nected with posterior at the base ; vertebrm 11-17-4-30-41. 

African . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5'chilbe~ ~utropius. 
Indian . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Pseudeutropius, Lais, Helico- 

2h~ffus~ Silundia. 
~. Cavity of air-bladder divided longitudiually into two; p~ra- 

pophysis of fourth vertebra a lamina with the anterior and. 
posterior edges decurved to form a ~emi-cylinder; ver~ebrse 
19-20+29-33. 

Indian . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Schitbichthus~ ~Eutropiichthys. 
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56S Mr. C. T. Regan on tl~e 

II. Dorsal fin small and spineless, or absent ; teeth mir~ute or absent ; 
no po~t-temporal; other osteologieal characters of ,5'chilbe; ver- 
tebr~ 10-11+41 44. (Sil~ralwdo~tince.) 

African . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Sihtranodon~ Parailia, Physa- 
ilia. 

III. DorsM fin absent; teeth well developed; post-temporal present ; 
hyp~eoraeeids hog meetino'; alr-bladder tubular, transverse, 
eresceu~ie~ curved forward on each side~ the horns lying' in a pair 
of recesses open be}find, formed by the laminar parapophyses of 
the fourth and fifth vertebrae, by a ventral lamina which eurves 
upwards antvric, rly, and by the lower limb of the supra-deN 
thrum; vertebrz~ 11q-41-47. (Aili6~a,.) 

Indian . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ailia, Ailiehthys. 

Family 13. Clarii6m. 

N~ked, elongate;  gill-membranes separate, free from 
isthmus. Dorsal fin spineless, commencing not far  behind 
head; anal long, many-rayed, nearly or quite reaching 
caudal; pelvics, when well-developed, 6-rayed ; pectoral 
with a spine. Head depressed ; mouth transverse, terminal ;  
bands of villiform or granular teeth in jaws and on vetoer ; 
4 pairs of barbels, nasal, maxillary, and two mandibular. 
Cranial roof-bones more or less expanded and laminar, the 
pterotics appearing as a pair of plates at the sides of the 
supraoccipital; epiotics concealed beneath supraoccipital;  
side of head with two plates, the anterior, " postorbital," 
attached to the frontal above and behind tile orbit, the 
posterior, " t e m p o r a l , "  attached to the pterotic and supra- 
cleithrum. Palatine long, rod-like; pterygoid absent ; 
mesopterygoid large, connecting the rather  small metaptery- 
gold with vetoer (fig. 1, A). Post-temporal absent ~ supra- 
cleithrum a plate rigidly attached to pterotic, without lower 
limb, witll a posterior process firmly united to air-bladder 
capsule;  mesocoracoid present;  hypocoraeoids interlocking 
below. Vertebra~ 60 to 107 ; free pr~eeaudals with ribs on 
well-developed parapophyses; complex vertebra rigidly 
united with fifth, first and skull, by suture and by investit,g 
bone ;  parapophyses of fourth and fifth vertebrze forming 
on each side a transverse cylinder or semi-cylinder with 
terminal aperture beneath the skin ; air-bladder represented 
by two sacs enclosed in the cylinders~ connected by a 
transverse tube from whieh a duct runs to the ¢esophagus. 

Fresh-water fishes of Africa and Asia. 
The Clariidm are a speeiahzed family, but  show relation- 

ship to the Sehilbeidm. A good illustrated description of 
the head-skeleton of Clari'as has been given by Schelaputin 
(Bull. See. Nat. Moscou, 1905, p. 85). 
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Ctass~'catlon of d~e Order Ostarlopt~2~i. 569 

The genera may be arranged thus : - -  

I, Gill-cavity with an accessory air=sac, which extends backwards 
into the  tai l ;  dorsal fin shor t  ; no adipose fin. 

&wc.brctnchus. 
[L  Gill-cavity wi th  a divert iculum containing a dendri t ic  accessory 

branchial  organ a t tached  to the  second and four th  branchial 
arches ; dorsal fin more or less elongate, 

A. A n  adipose fin . . . . . . . . . . . .  t[eteroSranehus~ D~notopterus. 
B. No adipose fin i dorsal nearly or quite reaching the  caudal. 

P la tes  at side of head connected . . . .  Clarias. 
Plates at  side of head redueed~ separated 

by an interspace . . . . . . . . . . . . . .  Allabenehelys, Clarrlalabes~ 
Gymnallabes, Channalr~bes. 

Saccobranchus, often placed in a separate group, is pre- 
cisely similar to Clarias in osteologicat characters. The 
plates protecting the sides of the head are present in all the 
mealbers of the family, and I have satisfied myself that 
Boutenger's statement to the contrary for the degraded 
genera allied to Clarias is erroneous. These plates are 
present in most Siluroids, but not so strongly developed ; 
the anterior belongs to the eircumorbieal series, the posterior 
transmits the lateral line to the prmopereulum. 

Family 14. l~a~gasiid~e. 
The Indian genus Pangasi~ts differs from the Bagri&e 

externally in the long auM fin, with 28 to 40 rays ; maxillary 
and one pair of mandibulary barbels are present, but no 
nasal barbels. The skeleton is very similar to that of 
generalized Bagrid~e, differing only in the development of 
an elastic spring mechanism, the anterior rami of the para- 
pophyses of the fourth vertebra being expanded distally to 
form a pair of oval plates inserted in the anterior wall of 
the air-btadder~ but free from the supra-cleitbrum. The 
air-bladder consists of an anterior division, corresponding 
to a normal bladder, and of a posterior tubular cmcum. 
Yertebrze 15 + 29. 

Family 15. Synodontid~e. 
External characters of the Bagridm, except that the gill- 

membranes are confluent with the skin of the isthmus ; the 
nostrils may be close together or wide apart and there is no 
nasal barbel; the pelvic fins are 7-rayed. There is a broad 
nuchal shield with parallel edges; the epiotics are small, 
hidden beneath the supraoccipital; pterygoid and meso- 
pterygoid are absent ; there is no post-temporal ; the upper 

Ann. & J~[~(J, ~'V. Hist. Ser, 8. Vol. viii. 38 
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570 ~[r. C. T.  Regan on t~e 

limb of ttte supra-cleithrum is a plate united with the 
supraoccil)ital and the pterotic, the lower limb is expanded 
vertically. The vertebrm number 88 to 44 (11-17+  ]9-27) ;  
the fifth and six are rigidly united with the complex ; the 
posterior ramus of the parapopbysis of the fourth vertebra 
is similar to the well-developed parapophysis of the fifth, its 
anterior ramus is a transverse lamina, with an inferior 
process expanded to form a thick vcrtical plate, free from 
the supra-c!eithrum, inserted in the anterior wall of the 
air-bladder. 

S 
{EcZ 

F 

Fig. 3. 

ZeZk--- 

,.¢C'~, ~ SOC 

3 . ~  J 

Diagrams showing the cranial roof-bones of A. Pseudauehenipterus 
noclosus and B. zEuJ~ilichthys royauxi. 

etl,, mesethmoid ; letA, lateral ethmoid ; f.  fl'ontal ; soc~ supraoccipital ; 
spo, sphenotic ; pto, loterotic j epo, e~iotic ; sel, supra-cleithrum ; 
1, 2, 3, nuchal plates. 

These African fresh-water fishes resemble the Bagrid~ 
except in the characters of specialization enumerated 
above. 

The genera may be arranged thus : - -  

I. Mandibu]ary barbels branched; maxillaries at the Bides of the 
prmmaxillarles ; parapophyses of sixth vertebra normal. 

Sy~wdontls~ Miorosynodontis~ Mochoeus. 
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Class,~catlon of the O~.cler O~tarlofhysi. 571 

II. Barbels siraple; maxillaries behind the pr~emaxillaries ; parapo- 
physes of sixth vertebra very s~rong; head depressed; mouth 
with a pal)illose circular lip. 

CMloglcmis, .Euchi{iehthys, Atopochitas. 

The Synodontid~e resemble the South American Doradld~e 
to a certain extent in their restricted gill-openings, nuehal 
shield, and elastic spring apparatus. But in tile Doradid~e 
the epiotics are prominent cranial roof-bones which join tile 
nuchal plates (fig. 3, A)~ a mesopterygoid is present bat a 
mesocoracoid absent, the fourth parapophysis is not divided 
into anterior and posterior ram; and its distal plate is attached 
to the lateral instead of the anterior wall of the air-bladder, 
and the fifth parapophysis is vestigial or absent. 

Family I6. l~alopterurid~. 

The African Malopterurus electricus differs from the 
Bagridm in the absence of the dorsal fin, the restricted gill- 
openings, and the development of a subcutaneous electric 
organ extending over the whole body. Osteological characters 
indicate relationship to the Bagrid~e, but there are several 
features of specialization. Pterygoid and mes()pterygoid are 
absent~ the metapterygoid is firmly connected with a hori- 
zontal ledge formed by the lateral ethmoid and orhito- 
sphenoid, and the quadrate extends forward external to the 
metapterygoid to meet the extremity of the recarved 
prmmaxillary. The skull is narrowed and compressed 
between the orbits and strongly expanded and depressed 
behind them, and the sphenotic sends out a strong lateral 
process to above the eye. The pectoral arch is rather 
loosely attached, the upper limb of the supracleithrum 
articulating in a socket between the post-temporal and the 
epiotic, the lower limb connected to the has;occipital by 
ligament. The vertebrm number 41 to 4~ (20-22 + 21-22) ; 
the anterior ramus of the parapophysis of the fourth 
vertebra is free from the supra cleithrum, thin proximally 
and expanded distally into a transverse vertical plate, in- 
serted in the anterior wall of the air-bladder. The air- 
bladder has a large posterior sac, connected by a tube with 
the smaller anterior division, which represents a normal 
bladder. 

Family 17. Pimelodi4~. 

Gill-membranes separate, free from isthmus. Dorsal fin 
typically anterior and with a spine (above or behind the 
pelvics and without a spine in Heptaplerus and Nannoglanis) ; 
adipose fin present ; anal short or of moderate length; 
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572 311". C. T.  Regan on the 

pelvics 6-rayed. Barbe]s three pairs, maxillary and two 
mandibular;  anterior and posterior nostrils wide apart. 
Jaws toothed; palate with or without teeth. Palatine rod- 
like, articulating with the side of the lateral e thmoid;  
pterygoid, when present, slender, having the appearance of 
an ossified ligament connecting palatine and mesopterygoid ; 
latter small, lying between the well-developed metapterygoid 
and the lateral ethmoid. Post-temporal present;  supra- 
elcithrum firmly attached to skull, with a well developed 
lower limb; mc~ocoraeoid present ; hypoco~acoids meeting 
and interlocking behind the symphysis of the cleithra. 
¥er tebrm 42 to 60 (15-20+25-'4.3) ; ribs on parapophyses; 
parapophysis of fourth vertebra a horizontal lamina with a 
more or less distinct stout anterior ramus which is rigidly 
united with the stem of the supra-cleithrum ; air-bladder 
typically large and free. 

Neotropical, fi'esh water fishes. 
This family is closely related to the Indian and African 

family Bagridm ; it includes a number of diverse types, but 
is undoubtedly a natural group. 

The absence of a nasal barbel usually distinguishes the 
Pimelodidm from the Bagrid~e, and the few Bagridm which 
have no nasal barbel differ from the Pimelodidm in their 
united gill-membranes. The skeleton of the two families is 
extremely similar, but the lateral ethmoid facet for articu- 
lation of the palatine is hardly ever strictly lateral in the 
:Bagri&e, and the pterygoid, when present in the Pimelo- 
didm, is unlike that of either the Chrysiehthyin~e or the 
Bagrinm. Since the two groups are large, varied, and 
geographically distinct, and seem to form the starting-point 
for the evolution of most of the Siluroids of South America 
and of Asia and Aft'lea respectively, it seems best to recognize 
them as distinct families. 

The following arrangement includes many of the principal 
genera, but some I have not seen and am unable to place : ~  

I. Pterygoid present, slender, attached anteriorly to lower surface of 
palatine and posteriorly to outer end of the ~ transverse, crescentic 
mesopterygoid ; p~rapophyses of fourth, fifth, and sixth vertebrae 
laminar, united by suture ; air-bladder normal. 

CalloThysus , -Pi~elodus, P;ra- 
mutana~ Scit~des. 

lI. Pterygoid absent; mesopCervgoid laminar, attached ia i~ont ~o 
lower face of lateral ethmoicl and behind to anterior edge of 
metapterygoid ; air-bladder normal. 

A. Anterior and posterior raml of parapophysls of fourth vertebra 
connected at the base only; sixth vertebra free, with normal 
transverse process . . . . . . . . . .  taimelodella, _~hamdia~ Hepta. 

pterus~ Nannoghmis. 
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Class;ficatlon of t£e O~'&~ Ostarlolohysi. 573 

B. Anterior ramus of parapophvsis of fourth vertebra only distinc~ 
distally; sixth vertebra with a laminar transverse process 
unitecf by suture with that of the fifth. 

ttemisorubim, _Pseudo2lat~/- 
8 ~ 0 ~ .  

III .  Pterygoid absent; mesopterygold laminar, attached to lateral 
ethmoid, but connected wi~h metapterygoid only by llg'ament; 
pargpophysis of fourth vertebra a lamina decurved anteriorly, not 
divided into rami, united with the fifth basally; sixth vertebra 
free; air-bladder larg'e, fi'e% partly constricted into two lateral 
sacs ; head broad, depressed . . . .  t)seudopimdodus. 

IV. Pterygold absent: mesopterygoid a small lamina attached to 
lower surface of lateral ethmoid and to metapterygoid, which is 
produced tbrward external to it; parapoph.ysis of ibarth vertebra 
united with fifth, curved to form a scan-cylinder open behind, 
containing' ~he lateral portion of the reduced and divided air- 
bladder ; sixth ~ertebra not free, but with normal parapophyses. 

L uciop ime lodus. 
¥. Ptery.,o'old absent ,. mesol)ter._ yg.oi4 small, articulated, with. posterior 

face of lateral ethmold and with metapterygold, wh,eh extends 
forward below the lateral ethmoid ; parapophyses of fourth, fifth, 
and sixth vertebrm laminar~ united by suture ; air-bladder normal. 

Sorubfm, 21atystomatichthys. 

Fami ly  18. Helogenidm. 

The  South  Amer ican  genus Helogenes differs ex terna l ly  
f r o m  the Pimelodidm in the fins, as the  dorsal  is spineless, 
median  in posit ion, followed by  a small  adipose fin and 
placed above the  long anal, which has 42 rays.  The  air- 
b ladder  is free, of  modera te  size, placed t ransversely ,  and 
incomplete ly  divided into two compar tmen t s .  The  uppe r  
l imb  of the  sup ra - c l e i t h rum seems to be only loosely a t tached 
to  the skull  and the  hypocoracoids  do not  fo rm a symphysis .  

The  relat ions of  this genus appear  to be abont  equally 
close with the  Pimelodid~e and with Cetopsis; one of the 
types  has been par t ly  dissected for examina t ion  of the  air-  
bladder,  bu t  unt i l  a skele ton is available the  exact posit ion 
of  Hetogenes must  remain  uncer ta in .  

Family 19. Hypophthalmidm. 
The neotropieal  genus Hypophthalmu~ differs f rom the 

1)imelodidm external ly  in the  toothless  mou th ,  vent ro- la tera[  
posit ion of the eyes, very wide gil l-openings,  very long 
many- r ayed  anal  fin, and inser t ion of  the  pelvic fins in 
advance of the  dorsal.  The  lower pharyngeals  are uni ted 
to fo rm a Y-shaped hone with long anter ior  s t em lying in 
the  nar row is thmus and with small too thed  posterior  forks .  
The a i r -b ladder  is reduced to  two smal l  sacs, each enclosed 
in a bony capsule with a la tera l  opening benea th  the skin, 
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574: Mr. C. T° Regau on the 

formed by the parapophyses of the fourth and fifth vertebrm 
and by the upper limb of the supra-cleithrum. The vertebrae 
number 66 (1¢ +52) ,  the first five ankylosed i the ribs are 
inserted on parapophyses. 

Family 20. Trichomycterid~e. (Fig. 2, B.) 
Body naked, moderately elongate. Gill-openings wide or 

restricted. Dorsal fill short, without spine ; no adipose fin ; 
anal short or moderately long ;  pelvics 5- or 6-rayed. 
:Nostrils remote~ tile anterior sometimes with a barbel ;  
teeth in jaws villiform or incisor-like; palate sometimes 
toothed. Palatine broad;  pterygoid absent ; mesopterygoid, 
when present, very small, attached to inner edge of meta- 
pterygoid, which joins palatine. Skull depressed, contracted 
between and expanded behind the orbits. Post-temporal 
absent ; upper limb of supra-cleithrum suturally united to 
supraoecipital and pterotic;  mesocoracoid present;  hypo- 
coracoids hUm'owed forward below, pointed anteriorly, not 
interlocking, Vertebrm 42 to 46 (19-21+ 23-25) ; ribs on 
parapophyses; fifth vertebra ankylosed with the complex~ 
which is short, rigidly attached or ankylosed to the skull, 
and bears a pair of transverse subcylindrical capsules with 
lateral openings; air-bladder divided into two lateral sacs 
enclosed in the bony capsules. 

Fresh-wat(~r fishes of South America. 
The principal genera may be arranged thus : - -  

I. Air-bladder capsule formed by the parapophysis of the fourth 
vertebra, in fi'ont free from the skull and normally attached to 
~he supra-cleithrum~ behind free from the normal psrapol)hysis of 
the fifth vertebra; dorsal fin anterior; opercies unarmed; one 
pair of maxillary barbels. (CetoTsin~v.) 

Cetopsis, 
II. Air-bladder capsule united to the skull, its anterior wall including 

the lower limb of supra-cleithrum and a part of ~he exoccipital 
ar, d epiotic bones; parapophysis of fifth vertebra not developed 
as a separate process; dorsal fin median or posterior. (~5'&/~o- 
myeterin(e.) 

A. Opercles unarmed ; one pair of maxillary barbels. 
fCematoge~ys. 

B. Operculum and !nterol)erculum armed with spines, 
One pair of maxillary barbels . . . . . . . .  SteqoTMlus , Vandellia. 
Two pairs of maxillary barbels . . . . . .  Trichomyc~erus, ~remopMlu 6 

Tridens,'I~ariodon~ Miuroglanis. 

Family 21. Bunocephalid~e. 
Gill-openings reduced to a smal~ foramen in front of the 

pectoral fin. Dorsal fin anterior ; no adipose fin ~ caudal 
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CIass;ficatlon of the Order Ostariop@sl. 575 

small, few-rayed ; anal short or long ; pelvics 6-rayed, below 
the dorsal. Head depressed; nostrils remote, without 
barbel; villiform teeth in the jaws; palate toothless. 
Palatine rod like; mesopterygoid, when present~ small, 
attached to lateral ethmoid; opcrculum reduced, scarcely 
larger than a branchios~egal ray, but attached anteriorly to 
the interoperculum. Skull depressed, the pterotics with 
strong lateral laminar projections. No post.temporal ; 
supra-cleithrum forked, the lower limb slender, running to 
basioccipital, the upper extending nearly to the middle of 
the supraoccipital; no mesocoracoid; hypocoracoids inter- 
locking below. Vertebrae 34 to 75 (10+24-65),  strongly 
compressed, with laminar neural and haemal spines and 
with a series of horizontal lateral processes arising on each 
side from the middle of the centra ; free praecaudal vertebrae 
without parapophyses, with sessile ribs ; fifth vertebra rather 
long, rigidly united with complex~ their neural spines 
forming a low ridge of bone with thickened dorsal edge 
which joins the supraoceipital anteriorly; parapophysis of 
fifth vertebra a very strong process ; parapophysis of fourth 
a lamina, united posteriorly to the base of the fifth, anteriorly 
decurved and united to the stem of the supra-cleithrum. 
Air-bladder large, free~ partly constricted into two lateral 
portions. 

South-American fresh-water fishes. 
Bunocephalus, Bunocephalichthys and Dysichthys have a 

short tail, anal 5- to 9-rayed, and about 24 caudal vertebrte. 
Platystacus (dspredo) has a long tail~ anal 50- to 60-rayed, 
and 60 or more caudal vertebrae. 

Family 22. Callichthyid~e. 

Body armoured with two series of overlapping bony 
laminae on each side. Gill-membranes broadly united to 
isthmus. Dorsal fin anterior; adipose fin with a spine; 
anal short; pelvics below the dorsal. Mouth small, ter- 
minal; przemaxillaries small, movably attached to meseth- 
mold; rami of lower jaw slender; jaws with or without 
feeble teeth ; palate toothless ; one or two pairs of maxillary 
barbels. Palatine articulating with anterior end of lateral 
ethmoid; pterygoid and mesopterygoid absent; anterior 
end of metapterygoid connected with lateral ethmoid and 
palatine by a ligament. Bones of cranial roof more or 
less expanded and plate-llke ; suborbitals well-ossified, with 
an inner shelf; operculum large. Post-temporal absent; 
supra-cleithrum a large plate ankylosed with the pterotic~ 
connected with spheaotic and supra-occipital above: prootic 
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and exoccipital below, and parapophysis of fourth vertebra 
behind ; cleithrum transversely expanded ; mesocoracoid 
present; hypocoracoids interlocking below. Vertebrze 
27-32 (18-18+12-14) ;  caudal vertebrae normal, with 
slender neural and ha~mal spines; pr~eeaudal vertebl'~e, from 
seventh to last, with slender ribs, all (Corydoras) or the 
anterior sessile; sixth vertebra free, with a strong rib sup- 
porting the first lateral plate of the lower series, borne on a 
stout parapophysis which articulates with that of the fifth 
vertebra; complex vertebra ankylosed with fifth and with 
skull, its parapophyses forming with the supra-cleithra and 
exoeeipitats a pair of subcylindrical capsules opening laterally 
beneath clefts in the supra-eleithral plates; air-bladder 
divided into two sacs enclosed in the capsules. 

South-American fresh-water fishes. 
Genera: Scleron~ystax, CatlicMhys, ttoplosternura, Deca- 

Togon, Dianemaj Corydoras. 

Family 23. L0rlcarikt~. (Fig. 2, A.) 
Body naked, or armoured with bony scares, which ante- 

riorly form five longitudinal series on each side. Gill- 
membranes broadly united to isthmus° Dorsalfin anterior ; 
anal short; pelvics below or in advance of the dorsal. 
Mouth inferior, with expanded lips forming a sucker ; prze- 
maxillaries movably articulated with mesethmoid ; jaws 
toothed; palate toothless; a pair of maxillary barbels. 
1)alatine articulating with anterior end of lateral ethmoid; 
pterygoid and mesopterygoid absent. Post-temporal absent; 
supra-cleithrum a large .plate united with pterotie and 
supra-occipital above, prootic and exoccipita[ below, and 
parapophysis of fourth vertebra behind; cleithrum trans- 
~'ersely expanded ; mesocoraeoid present. Yertebrze 27 to 88 
(10-18-1-14-26) ; caudal vertebrze compressed, with neural 
and haemal spines more or less expanded ; free pr0ecaudals 
without parapophyses, with sessile ribs; a pair of very 
strong sessile ribs borne by the sixth vertebra, which is rigidly 
united to the fifth and articulates with the seventh by a 
hinge which restricts lateral movement; complex vertebra 
united to fifth and to skull by suture or ankylosis ; parapo- 
physes of fifth vertebra absent, of fourth forming with 
supra-cleithra and exoecipitals a pair of capsules opening 
laterally beneath the notched or perforted supra-cleithral 
plates; air-131adder reduced to two sacs enclosed in the 
capsules. 

South-American fresh-water fishes. 
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On [feterocera from Costa R[ca. 577 

In  1904 (Trans. geol .  See. xvii. pt. 3) I arranged the 
genera in five subfamil ies;  these may  be grouped as 
follows : - -  

I. Pharyngeals toothless; h~ema] spines not bifid; supra-cleithral 
plate extending downwards, its inner surf'~ce attached to the 
outur edge of the cleithram, but not forming a definite articulation 
with it; body usually armoured; inner edge of metapterygold 
attached to lateral ethmoid : hv~ocoraeoids interlocking 

tJlecostomb~ce, t[Upoptopomatmw. 
II. Lower and fourth upper pharyngeals toothed; anterior hmmal 

spines bifid for reception of anM basalia ; supra-eleithral plate 
scarcely deeurved, its lower surface with a transverse ridge fitting 
a groove on the upper ed2'e~ of the supra-eleithral expansion 
external to the head of the bone. 

:Body armoured; metapterygoid attached to 
lateral ethmoid ; lower portions of cleighra 
transverse ; hypocoracoids interlocking 
below . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  JLoricariimv, Neopleeo- 

stomime. 
Body naked ; metapterygoid small, not reaching 

skull ; cleithra running somewhat forwttrd 
to their symphysis ; hypocaracoids taper- 
ing forward below, not interlocking . . . .  Argiince. 

I t  seems to me that i f  the Argiidm are to be separated off 
as a distinct family, the Plecostomidze also should be recog- 
nized, as they differ quite as much from the Loricarii&c. 

L X V I . - - N e w  S2ec~es of fteterocera from Costa R~ca.--XI. 
By W. ScaAus, F.Z.S. 

Geometrid~. 

Ap[ogo~l~ha argentil;,~ea, sp. n. 

~ .  Palpi and frons lilaelne buff; vertex, collar, and thorax 
dull lilacino brown;  abdomen dark brown abov% silvei T 
grey below. Fore wings:  tile basal hall to middle of costa 
and postmedial line on inner margin black-brown, crossed by 
some buff stri..'e, and containing a few metallic scales in eel[ 
outwardly, followed by a large triangular whitish spats  
shaded with fuseous scales and with its apex at vein 2, its 
costal area shaded with buff; a postmedial dark reddish- 
brown line, followed by fine buff and dark brown lines, and 
a heavy silvery line outwardly shaded with black and noli 
reaching costa ; a dull buff-grey space beyond the silver line 
limited by a straight subterminal white line, beyond which 
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